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Abstract of JP9283162 

PROBLEM TO BE SOLVED: To suppress the 
increasing of a size and heighten fuel cell 
performance by properly conducting the feed 
and discharge control of the water content of 
the whole fuel cell. SOLUTION: A fuel cell is 
provided with an electrolyte film-electrode 
junction body which is composed of a solid 
molecule electrolyte film, an anode electrode 
arranged on one side thereof and a cathode 
electrode arranged on the other side thereof, 
an anode gas path which feeds anode side 
gas to one side of the electrolyte film-electrode 
junction body, and a cathode gas path which 
feeds cathode side gas to the other side of the 
electrolyte film-electrode junction body. The 
anode gas path and the cathode gas path are 
provided in a position relation such as 
confronting each other sandwiching the 
electrolyte film-electrode junction body so that 
the anode gas and the cathode gas flow 
respectively in the paths in parallel. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The electrolyte membrane-electrode zygote which consists of the solid- 
state polyelectrolyte film, an anode electrode arranged at this one solid-state 
polyelectrolyte film side, and a cathode electrode arranged at an another side side. 
The anode gas path for supplying anode side gas to this one electrolyte 
membrane-electrode zygote side, In the polymer electrolyte fuel cell equipped with 
the cathode gas passageway for supplying cathode side gas to the another side 
side of said electrolyte membrane-electrode zygote The polymer electrolyte fuel 
cell characterized by being constituted so that it may be prepared by the physical 
relationship against which said anode gas path and cathode gas passageway stand 
face to face on both sides of said electrolyte membrane-electrode zygote and 
anode gas and cathode gas may circulate the inside of each path in parallel. 
[Claim 2] In claim 1 said electrolyte membrane-electrode zygote While being the 
film of a rectangle configuration mostly and establishing the entrance to each path 
of the above-mentioned anode gas and cathode gas in the diagonal location of the 
above-mentioned electrolyte membrane-electrode zygote in plane view Said anode 
gas path and cathode gas passageway are formed so that the shape of a spiral may 
be drawn and it may extend from each inlet port on said electrolyte membrane- 
electrode zygote. This anode and a cathode gas passageway are a polymer 
electrolyte fuel cell characterized by being reversed on the way, drawing the shape 
of a spiral, and being open for free passage to each outlet. 
[Claim 3] It is the polymer electrolyte fijel cell characterized by extending said 
anode gas path and cathode gas passageway winding from each inlet port on said 
electrolyte membrane-electrode zygote while said electrolyte membrane-electrode 
zygote is the film of a rectangle configuration mostly in claim 1 and the entrance 
to each path of the above-mentioned anode gas and cathode gas is established in 
the diagonal location of the above-mentioned electrolyte membrane-electrode 
zygote in plane view, and being open for free passage to each outlet. 
[Claim 4] It is the polymer electrolyte fuel cell which is independently equipped 
with an anode gas humidification means to humidify anode gas, and a cathode gas 
humidification means to humidify cathode gas, in claim 1, respectively, and is 
characterized by the above-mentioned anode gas humidification means operating 
so that the humidity of anode gas may become high relatively rather than the 
humidity of cathode gas, 
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[Claim 5] The polymer electrolyte fuel cell characterized by coming to humidify so 
that anode gas may be in a supersaturation condition in claims 1 or 4, when said 
anode gas humidification means forms a MystHike moisture supply means in an 
anode gas path. 

[Claim 6] The polymer electrolyte fuel cell characterized by the thickness of said 
solid-state polyelectrolyte film being about 50 micrometers or less in claim 1. 
[Claim 7] The solid-state polyelectrolyte film and the anode gas path for supplying 
anode side gas to this one solid-state macromolecule electrolysis film side, The 
cathode gas passageway for supplying cathode side gas to the another side side of 
said solid-state polyelectrolyte film, It has an anode gas humidification means to 
humidify anode gas, and a cathode gas humidification means to humidify cathode 
gas. The above-mentioned anode gas humidification means The polymer 
electrolyte fuel cell characterized by humidifying so that anode gas may be in a 
supersaturation condition by forming a Myst-like moisture supply means in an 
anode gas path, and operating so that the humidity of anode gas may become high 
relatively rather than the humidity of cathode gas. 

[Claim 8] The polymer electrolyte fuel cell characterized by maintaining the water 
temperature of the anode side humidification section to temperature higher than 
the temperature inside a fuel cell in claim 7. 

[Claim 9] The polymer electrolyte fuel cell characterized by increasing the 
circulating load of anode gas 2 to 10 times of the amount of stoichiometries 
required for electrode reaction in claim 7, 

[Claim 10] The polymer electrolyte fuel cell characterized by increasing the 
amount of supply of the moisture to anode gas in a low loading field in claim 7 
thru/or 9. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a polymer electrolyte fuel cell. 
[0002] 

[Description of the Prior Art] A polymer electrolyte fuel cell has the structure 
which carried out the laminating of the gas separation member which forms the gas 
passageway for supplying each reactant gas, and which both supports a eel from 
both sides to the electrode surface of the generation-ol^electrical-energy 
component (eel), i.e., a solid-state polyelectrolyte film-electrode zygote, 
constituted by generally putting the solid-state giant molecule of hydrogen ion 
conductivity by the carbon electrode which supported the platinum catalyst. And 
fuel gas, such as hydrogen gas, is supplied to one electrode, oxidant gas, such as 
oxygen or air, is supplied to the electrode of another side, and the chemical energy 
concerning the oxidation reduction reaction of fuel gas is extracted as direct 
electrical energy. In this case, the fuel cell constituted by carrying out the 
laminating of the eel as mentioned above is equipped with the gas passageway 
prolonged in the direction of a laminating of a eel for the gas supply to the 
electrode surface of each eel, and the gas passageway prolonged in this direction 
of a eel laminating constitutes gas supply opening to the gas passageway on the 
electrode surface of each eel, and the gas exhaust from the gas passageway on 
this electrode surface. Supply of this gas and an exhaust port are prepared near 
the edge of a cel. And reactant gas is in the condition isolated with the electrode, 
and it circulates each electrode surface top, performing oxidation and a reduction 
reaction by the each side of an electrode. 

[0003] The fuel cell constituted so that it might flow in the direction in which JP,5- 
94831, A and the hydrogen which circulates one electrode surface top, and the 
oxygen which circulates the field of the opposite side cross at right angles is 
indicated. The flow pattern in each electrode surface of reactant gas is known also 
besides being indicated by the above-mentioned official report. An electron can be 
moved through an external load at a cathode side into each eel which constitutes a 
fuel cell, and the electrical energy by a series of electrochemical reaction which 
reacts with oxygen and generates water can be taken out. In the solid-state 
polyelectrolyte film, since a hydrogen ion moves, if the solid-state polyelectrolyte 
film dries, ionic conductivity will fall and an energy conversion efficiency will fall. 
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Therefore, in order to maintain good ionic conduction, it is necessary to supply 

moisture to the solid-state polyelectrolyte film. 

[0004] 

[Problem(s) to be Solved] In the conventional polymer electrolyte fuel cell, in order 
to maintain a high reaction rate, the humidification equipment formed in the 
exterior of the eel which electrode reaction produces chiefly performs supply of 
the above-mentioned moisture. However, enlargement of equipment is not escaped 
with the configuration made to depend for humidification of reactant gas on 
humidification equipment chiefly. As mentioned above, in a fuel cell, although 
moisture is needed by both by the side of an anode electrode and a cathode 
electrode, by the cathode electrode side, water generates according to electrode 
reaction. Since subsequent cathode electrode reaction will be checked if this 
generation water stops at an electrode surface as it is, it is necessary to eliminate 
from an electrode surface with a suitable means. On the other hand, in an anode 
electrode side, in order to make electrode reaction continue proper, it is necessary 
to maintain hydrogen gas to a damp or wet condition. At the former, there is 
nothing that coped with control of moisture in total in the system of such a whole 
fuel cell. This invention aims at aiming at improvement in the engine performance 
of a fuel cell by having consisted of such viewpoints and performing feeding-and- 
discarding control of the moisture of the whole fuel cell proper, controlling 
enlargement of equipment. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
this invention is constituted as follows. Namely, the polymer electrolyte fuel cell 
concerning this invention The electrolyte membrane-electrode zygote which 
consists of the solid-state polyelectrolyte film, an anode electrode arranged at this 
one solid-state polyelectrolyte film side, and a cathode electrode arranged at an 
another side side, The anode gas path for supplying anode side gas to this one 
electrolyte membrane-electrode zygote side. In the polymer electrolyte fuel cell 
equipped with the cathode gas passageway for supplying cathode side gas to the 
another side side of said electrolyte membrane-electrode zygote It is 
characterized by constituting so that it may be prepared by the physical 
relationship against which said anode gas path and cathode gas passageway stand 
face to face on both sides of said solid-state polyelectrolyte film and anode gas 
and cathode gas may circulate the inside of each path in parallel. In this case, while 
said electrolyte membrane-electrode zygote is the film of a rectangle configuration 
mostly and the entrance to each path of the above-mentioned anode gas and 
cathode gas is established in the diagonal location of the above-mentioned 
electrolyte membrane-electrode zygote in plane view Said anode gas path and 
cathode gas passageway are formed so that the shape of a spiral may be drawn 
and it may extend from each inlet port on said electrolyte membrane-electrode 
zygote, and as for this anode and a cathode gas passageway, it is desirable that it 
is reversed on the way, draw the shape of a spiral, and it is open for free passage 
to each outlet. 

[0006] Furthermore, said electrolyte membrane-electrode zygote is the film of a 
rectangle configuration mostly, and while the entrance to each path of the above- 
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mentioned anode gas and cathode gas is established in the diagonal location of the 
above-mentioned electrolyte membrane-electrode zygote in plane view, in another 
mode, said anode gas path and cathode gas passageway are prolonged, winding 
from each inlet port on said electrolyte membrane-electrode zygote, and can make 
each outlet open for free passage in it. Furthermore, according to the description 
of this invention, it has independently an anode gas humidification means to 
humidify anode gas, and a cathode gas humidification means to humidify cathode 
gas, respectively, and the above-mentioned anode gas humidification means 
operates so that the humidity of anode gas may become high relatively rather than 
the humidity of cathode gas. When said anode gas humidification means forms a 
MystHike moisture supply means in an anode gas path, you may make it humidify 
so that anode gas may be in a supersaturation condition. 

[0007] It consists of desirable modes so that the thickness of said solid-state 
polyelectrolyte film may be set to about 50 micrometers or less. The anode gas 
path for supplying anode side gas to this one solid-state polyelectrolyte film and 
solid-state macromolecule electrolysis film side according to description that this 
invention is still more nearly another. The cathode gas passageway for supplying 
cathode side gas to the another side side of said solid-state polyelectrolyte film. It 
has an anode gas humidification means to humidify anode gas, and a cathode gas 
humidification means to humidify cathode gas. The above-mentioned anode gas 
humidification means By forming a Myst-like moisture supply means in an anode 
gas path, it humidifies so that anode gas may be in a supersaturation condition, and 
it operates so that the humidity of anode gas may become high relatively rather 
than the humidity of cathode gas. Moreover, you may make it maintain the water 
temperature of the anode side humidification section to temperature higher than 
the temperature inside a fuel cell. Moreover, you may make it secure the damp or 
wet condition by the side of a desired anode electrode by increasing the circulating 
load of anode gas 2 to 10 times of the amount of stoichiometries required for 
electrode reaction. 

[0008] In a desirable mode, the amount of supply of the moisture to anode gas is 

increased in a low loading field. 

[0009] 

[Embodiment of the Invention] In order to keep good hydrogen ion conduction of 
the macromolecule electrolysis film as described above, and to maintain the 
activity of electrochemical reaction highly, it is necessary to make humidity of 
distributed gas high. According to the 1st description of this invention, in order to 
secure desired moisture to an anode electrode side, it constitutes so that the 
generation water generated in the cathode electrode side may be moved to an 
anode electrode side using the permeability of the solid-state polyelectrolyte film. 
While being able to make moisture react to reactant gas smoothly by supplying by 
the anode electrode side by this, in a cathode electrode side, there is 
effectiveness of killing two birds with one stone that generation water can be 
eliminated effectively. According to the 2nd description of this invention, to an 
anode electrode side, it constitutes so that a lot of moisture may be supplied as 
compared with a cathode electrode side. Various modes can be considered in order 
to realize this. It is maintaining more highly than a cathode gas passageway the 
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temperature of forming direct humidification means, such as a direct supersonic 
humidifier, in an anode gas path, increasing the absolute magnitude of the moisture 
in anode gas by increasing the circulating load of anode gas, and an anode gas 
path, and securing a high humidity condition etc. Thus, by controlling the moisture 
content by the side of an anode electrode and a cathode electrode, high labile can 
be maintained and the fuel cell engine performance can be raised. 
[0010] 

[Example] Hereafter, the example of this invention is explained. The block chart of 
the fuel cell system 10 which can apply this invention is shown in drawing 1 . In 
this example, hydrogen is used as anode gas and air is used as cathode gas. 
Hydrogen gas is stored in the hydrogen storage tank 11, is introduced into the 
post-humidification equipment 14 controlled by the predetermined pressure and 
the predetermined flow rate via the flow rate and the pressure controller 13 from 
this hydrogen storage tank 11, and is introduced into the polymer electrolyte fuel 
cell 1 concerning this invention after that. Moreover, air is compressed by the air 
compressor 15, is introduced into humidification equipment 17 via a flow rate and a 
pressure controller 16 like hydrogen gas, and is introduced into the interior of the 
humidified back fuel cell 1. And in the fuel cell 1 of stack structure, the pump 18 
for cooling water for supplying cooling water through the humidification section 17 
is formed. And a radiator 19 is formed in the outlet side of a fuel cell 1. 
[001 1] Furthermore, in order to enable it to control the supply temperature of the 
water to the humidification section, the Rhine heaters 22 and 23 are formed in 
Rhine 20 and 21, respectively. Furthermore, the fuel cell system 10 of this example 
is equipped with the water tank 24, this water tank 24 is built into each water 
Rhine 21 and 22, and the water tank 24 is common to the water supply system of 
the humidifier by the side of an anode and a cathode. Predetermined temperature 
was controlled by the heater 25 and the water temperature in a water tank 24 is 
come at it. The air from a fuel cell is exhausted, after a water condenser's 26 
removing moisture and carrying out a pressure drop to a predetermined pressure 
by the pressure control valve 27. On the other hand, after circulating through the 
inside of a fuel cell, the hydrogen gas discharged from this cell is introduced into 
the hydrogen circulating pump 28, is introduced into a flow rate and a pressure 
controller 13, and is again introduced into a fuel cell 1. Reference of drawing 2 
shows the explanatory view showing the structure and the working principle of a 
generation-of^electrical-energy component ******** eel of this example. [ of a 
fuel cell ] in drawing 2 , the generation of electrical energy component ( a eel ) 1 
used as the configuration unit of the fuel cell of this example have basic structure 
equipped with the oxidation electrode 3 , i.e. , an anode electrode , with which the 
solid-state polyelectrolyte film 2 be supply to the hydrogen as a fuel in preparation 
for a center at the side of one of these , and the reduction pole 4 , i.e. , a cathode 
electrode , the air as a source of oxygen for a reduction reaction be supply to an 
another side side at a pole . 

[0012] The anode electrode 3 is constituted by carrying out the laminating of the 
catalyst bed 33 to diffusion layer 32 pan, and joining to it to the inside, at the 
carbon cross 31 and its inside. And the fluting gas division plate 30 which has the 
current collection function of the power which gas separated and generated is 
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formed in the outside of the anode electrode 3. And an anode electrode side 
zygote consists of an anode electrode 3 and a fluting gas division plate 30. For the 
fluting gas division plate 30, the hydrogen gas which is fuel gas about the interior is 
proton H+. It has the slot for forming the anode gas path 34 which circulates 
supplying an electrolyte membrane side. The field contact section with the 
diffusion layer 32 of the carbon cross 31 constitutes the current collection section 
which collects the electron generated from a hydrogen content child. The cathode 
electrode side also has same composition and it has the laminatingjunction 
structure of the carbon cross 41, a diffusion layer 42, and a catalyst bed 43. And 
the outside of the carbon cross 41 is equipped with the fluting gas division plate 
40, and it has the role which dissociates so that gas may not carry out the short 
pass of the slot which extends oxygen gas being crooked in a carbon cross front 
face again so that there may be no leakage appearance in the exterior. 
[0013] And the fluting gas division plate 40 is proton H+ from an electrolyte 
membrane side. It has the slot which has a depth of about 1mm which forms the 
cathode gas passageway 44 which circulates the oxygen which contacts and 
generates water. And a cathode lateral electrode zygote consists of a cathode 
electrode 4 and a fluting gas division plate 40. (The proton, i.e., H+, which has 
moved through an electrolyte membrane 2 from the anode side as the above- 
mentioned configuration shows to drawing 2 notionally It is combined by the 
cathode electrode side with the electron which is collected in the anode electrode 
3, does external work, and is supplied to the cathode electrode 4 yia an external 
circuit.) That is, it is proton H+ by depriving a hydrogen content child of an 
electron in an anode electrode side. Proton H+ which was generated and was 
conducted through the electrolyte membrane 2 in the cathode electrode side The 
electron from the external circuit which has an external load, and the oxygen 
molecule supplied from a cathode gas passageway react, and a water molecule 
generates. Reference of drawing 3 shows the gas-passageway pattern in the eel 1 
concerning this invention with the gestalt of a top view. The polymer electrolyte 
fuel cell of this example is equipped with the anode gas path for supplying anode 
side gas to this one electrolyte membrane-electrode zygote side, and the cathode 
gas passageway for supplying cathode side gas to the another side side of said 
electrolyte membrane-electrode zygote while the electrolyte membrane-electrode 
zygote which consists of the solid-state polyelectrolyte film, an anode electrode 
arranged at this one solid-state polyelectrolyte film side, and a cathode electrode 
arranged at an another side side is constituted. And the anode gas path and the 
cathode gas passageway are prepared by the physical relationship which confronts 
each other on both sides of said solid-state polyelectrolyte film. And in the eel 1 of 
this example, anode gas and cathode gas have the structure of flowing the inside 
of each path in parallel on both sides of an electrolyte membrane-electrode 
zygote. While this electrolyte membrane-electrode zygote has constituted the 
rectangle configuration mostly and the inlet ports 50 and 51 and outlets 52 and 53 
of hydrogen gas and air are established in the diagonal location of the above- 
mentioned electrolyte membrane-electrode zygote in plane view, on said 
electrolyte membrane-electrode zygote, from each inlet port 50 and 51, said anode 
gas paths 54 and 55 and cathode gas passageway drew the shape of a spiral, and 
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are prolonged. And in this example, mostly, it was reversed, and this hydrogen gas 
and air ducts 54 and 55 drew the shape of a spiral in the center section of the 
electrolyte membrane-electrode zygote, and are prolonged toward each outlet 52 
and 53. 

[0014] Reference of drawing 4 shows another gas-passageway pattern, also in this 
example, like the above-mentioned example, the hydrogen gas passagewaies 54 
and 55 and an air duct have relation which confront each other on both sides of an 
electrolyte membrane-electrode zygote, and the gas which boil, respectively and 
can be set be the same [ the air duct ] at the point that the entrances 50, 51, 52, 
and 53 of gas be also establish in the diagonal location of the electrolyte 
membrane-electrode zygote on a rectangle while they flow in parallel. However, 
moving in a zigzag direction right and left in drawing, from the upper part, it went 
caudad and the gas-passageway pattern of this example is prolonged. As shown in 
drawing 3 and drawing 4 , according to this invention, both the reactant gas paths 
54 and 55 are the physical relationship which counters on both sides of an 
electrolyte membrane-electrode zygote, and both reactant gas flows in parallel on 
both sides of an electrolyte membrane-electrode zygote. Reference of drawin g 5 
shows notional ly how the moisture content by the side of an anode electrode and a 
cathode electrode is missing from an outlet, and changes from the inlet port of gas. 
In drawing 5 , the upper part of an electrolyte membrane-electrode zygote shows 
the moisture change by the side of an anode electrode, and a lower part shows the 
moisture change by the side of a cathode electrode. The moisture content which 
accompanies the moisture by the side of a cathode electrode to hydrogen gas 
decreases gradually toward an outlet side from an entrance side. This reason is 
proton H+ at an anode electrode side. It is for moving to a cathode electrode side 
through an electrolyte membrane-electrode zygote with a water molecule. For this 
reason, in an anode electrode side, hydrogen gas is set up so that it may become 
higher than the moisture of the air by the side of a cathode electrode in an 
entrance side about a moisture content. Proton H+ which has moved with the 
cathode electrode on the other hand in the inside of an electrolyte membrane- 
electrode zygote The reduction reaction which the electron supplied from an 
external circuit combines occurs, and water generates in connection with this. For 
this reason, in a cathode electrode, a moisture content increases gradually 
according to air circulating toward an outlet side from an inlet port. 
[0015] Therefore, moisture is consumed as reactant gas moves to an outlet side 
from an entrance side in an anode electrode side, and the material balance of the 
moisture of the whole fuel cell system after taking actuation of a eel into 
consideration is proton H+ from an anode side at a cathode electrode side. 
Moisture increases according to generating of the water by the migration and the 
reduction reaction of a water molecule accompanying migration. Therefore, at an 
anode electrode side, supply of water is needed and discharge of water becomes 
important by the cathode electrode side. After taking into consideration the mass 
transfer of the moisture which minds an electrolyte membrane-electrode zygote by 
this invention in view of this, the moisture control system of the whole fuel cell is 
established. According to one description of this invention, in parallel as, while 
confronting the passage of the air which is the source of supply of hydrogen gas 
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and oxygen gas as mentioned above on both sides of an electrolyte membrane- 
electrode zygote and constituting it, ring main consists of this inventions so that 
the mass transfer of the moisture by the side of an anode electrode and a cathode 
electrode may be promoted. Furthermore, by maintain the humidity of the anode 
gas introduce into a eel more highly than the humidity of cathode gas, in near the 
inlet port the concentration difference of moisture be give to the both sides of an 
electrolyte membrane-electrode zygote which have water permeability, and 
electrode reaction be advance so much, it constitute from this invention so that 
the spreading diffusion of the moisture from an anode gas path side to a cathode 
gas passageway side may be promote ( see the arrow head A of drawing 5 ). Since 
moisture is consumed by the anode electrode side as mentioned above and 
moisture increases in a cathode electrode side as a reaction advances toward the 
outlet side of a path, near an outlet side, it will reverse with an entrance side and 
moisture will carry out spreading diffusion of the concentration difference of 
moisture toward an anode electrode side through an electrolyte membrane- 
electrode zygote from a cathode electrode side (see the arrow head B of drawing 
5). 

[0016] Therefore, since the moisture transfer which minds an electrolyte 
membrane-electrode zygote as mentioned above will be produced so that the 
concentration difference in a two-electrodes side may be canceled if the material 
balance of the above-mentioned moisture is considered as the whole system, the 
change inclination of a moisture content can be minimized covering the overall 
length of the continuous gas passageway through which it passes from an inlet 
port to which [ of an anode electrode and a cathode electrode ] side at an outlet 
side. Consequently, at an anode electrode side, the lack of moisture by 
consumption of the moisture in an outlet side is canceled, and the problem of the 
flooding by the increment in moisture can be effectively solved by the cathode 
electrode side. In order to maintain more highly than a cathode electrode side the 
moisture content by the side of an anode electrode, by this example, the 
temperature of the humidifier by the side of an anode electrode is operated at 
about 90 degrees C higher about 10 degrees C than the operating temperature 
(about 80 degrees C) of a cel. Since the amount of saturated steam in the 
hydrogen gas in 90 degrees C becomes twice [ about ] the amount of saturated 
steam in the hydrogen gas in 80 degrees C, it is effective to humidify the 
temperature of supply hydrogen gas in the condition of having maintained highly in 
order to make the company moisture content into a eel increase. Moreover, in 
another example, a company moisture content is increased by making the 
circulating load of hydrogen into 2 thru/or about 10 times and the sushi of the 
amount of theory required for a reaction, and about 1.5 or more usual times. 
[001 7] On the other hand, the humidity by the side of a cathode electrode is 
relatively stopped low rather than a cathode electrode side. For this purpose, the 
temperature by the side of a cathode electrode is controlled by this example at 
same about 80 degrees C as eel temperature. Moreover, in order to increase a 
reactant gas Nakamizu daily dose, a Myst generator like a supersonic humidifier is 
installed in a humidifier, and compulsorily, a steam can be introduced into 
distributed gas and can also be supplied in the state of supersaturation. Cel 
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potential can be raised in control of a pan and a moisture content, it being 
desirable to increase a moisture content in a low loading condition, and controlling 
polarization by this. 
[0018] 

[Effect of the Invention] While being able to perform moisture control in a compact 
in a solid-state macromolecule electrolysis film fuel cell according to this invention 
since the moisture content of both an anode electrode side and a cathode 
electrode was controlled using the permeability of the moisture of an electrolyte 
membrane-electrode zygote as described above, the generation water by the side 
of a cathode electrode can be processed to coincidence, and the generation^-of- 
electrical-energy engine performance of a fuel cell can be maintained good. 
Furthermore, in this invention, since it was made to perform humidity of anode gas 
and cathode gas independently, respectively, the proper control corresponding to 
each need by the side of the anode electrode which has a different special feature, 
and a cathode electrode can be attained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2, **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Industrial Application] This invention relates to a polymer electrolyte fuel cell. 
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PRIOR ART 

[Description of the Prior Art] A polymer electrolyte fuel cell has the structure 
which carried out the laminating of the gas separation member which forms the gas 
passageway for supplying each reactant gas, and which both supports a eel from 
both sides to the electrode surface of the generation-of^electrical-energy 
component (eel), i.e., a solid-state polyelectrolyte film-electrode zygote, 
constituted by generally putting the solid-state giant molecule of hydrogen ion 
conductivity by the carbon electrode which supported the platinum catalyst. And 
fuel gas, such as hydrogen gas, is supplied to one electrode, oxidant gas, such as 
oxygen or air, is supplied to the electrode of another side, and the chemical energy 
concerning the oxidation reduction reaction of fuel gas is extracted as direct 
electrical energy. In this case, the fuel cell constituted by carrying out the 
laminating of the eel as mentioned above is equipped with the gas passageway 
prolonged in the direction of a laminating of a eel for the gas supply to the 
electrode surface of each eel, and the gas passageway prolonged in this direction 
of a eel laminating constitutes gas supply opening to the gas passageway on the 
electrode surface of each eel, and the gas exhaust from the gas passageway on 
this electrode surface. Supply of this gas and an exhaust port are prepared near 
the edge of a cel. And reactant gas is in the condition isolated with the electrode, 
and it circulates each electrode surface top, performing oxidation and a reduction 
reaction by the each side of an electrode. 

[0003] The fuel cell constituted so that it might flow in the direction in which JP,5- 
94831, A and the hydrogen which circulates one electrode surface top, and the 
oxygen which circulates the field of the opposite side cross at right angles is 
indicated. The flow pattern in each electrode surface of reactant gas is known also 
besides being indicated by the above-mentioned official report. An electron can be 
moved through an external load at a cathode side into each eel which constitutes a 
fuel cell, and the electrical energy by a series of electrochemical reaction which 
reacts with oxygen and generates water can be taken out. In the solid-state 
polyelectrolyte film, since a hydrogen ion moves, if the solid-state polyelectrolyte 
film dries, ionic conductivity will fall and an energy conversion efficiency will fall. 
Therefore, in order to maintain good ionic conduction, it is necessary to supply 
moisture to the solid-state polyelectrolyte film. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] While being able to perform moisture control in a compact 
in a solid-state macromolecule electrolysis film fuel cell according to this invention 
since the moisture content of both an anode electrode side and a cathode 
electrode was controlled using the permeability of the moisture of an electrolyte 
membrane-electrode zygote as described above, the generation water by the side 
of a cathode electrode can be processed to coincidence, and the generation-of- 
electrical-energy engine performance of a fuel cell can be maintained good. 
Furthermore, in this invention, since it was made to perform humidity of anode gas 
and cathode gas independently, respectively, the proper control corresponding to 
each need by the side of the anode electrode which has a different special feature, 
and a cathode electrode can be attained. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved] In the conventional polymer electrolyte fuel cell, in order 
to maintain a high reaction rate, the humidification equipment formed in the 
exterior of the eel which electrode reaction produces chiefly performs supply of 
the above-mentioned moisture. However, enlargement of equipment is not escaped 
with the configuration made to depend for humidification of reactant gas on 
humidification equipment chiefly. As mentioned above, in a fuel cell, although 
moisture is needed by both by the side of an anode electrode and a cathode 
electrode, by the cathode electrode side, water generates according to electrode 
reaction. Since subsequent cathode electrode reaction will be checked if this 
generation water stops at an electrode surface as it is, it is necessary to eliminate 
from an electrode surface with a suitable means. On the other hand, in an anode 
electrode side, in order to make electrode reaction continue proper, it is necessary 
to maintain hydrogen gas to a damp or wet condition. At the former, there is 
nothing that coped with control of moisture in total in the system of such a whole 
fuel cell. This invention aims at aiming at improvement in the engine performance 
of a fuel cell by having consisted of such viewpoints and performing feeding-and- 
discarding control of the moisture of the whole fuel cell proper, controlling 
enlargement of equipment. 
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MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
this invention is constituted as follows. Namely, the polymer electrolyte fuel cell 
concerning this invention The electrolyte membrane-electrode zygote which 
consists of the solid-state polyelectrolyte film, an anode electrode arranged at this 
one solid-state polyelectrolyte film side, and a cathode electrode arranged at an 
another side side. The anode gas path for supplying anode side gas to this one 
electrolyte membrane-electrode zygote side. In the polymer electrolyte fuel cell 
equipped with the cathode gas passageway for supplying cathode side gas to the 
another side side of said electrolyte membrane-electrode zygote It is 
characterized by constituting so that it may be prepared by the physical 
relationship against which said anode gas path and cathode gas passageway stand 
face to face on both sides of said solid-state polyelectrolyte film and anode gas 
and cathode gas may circulate the inside of each path in parallel. In this case, while 
said electrolyte membrane-electrode zygote is the film of a rectangle configuration 
mostly and the entrance to each path of the above-mentioned anode gas and 
cathode gas is established in the diagonal location of the above-nfientioned 
electrolyte membrane-electrode zygote in plane view Said anode gas path and 
cathode gas passageway are formed so that the shape of a spiral may be drawn 
and it may extend from each inlet port on said electrolyte membrane-electrode 
zygote, and as for this anode and a cathode gas passageway, it is desirable that it 
is reversed on the way, draw the shape of a spiral, and it is open for free passage 
to each outlet. 

[0006] Furthermore, said electrolyte membrane-electrode zygote is the film of a 
rectangle configuration mostly, and while the entrance to each path of the above- 
mentioned anode gas and cathode gas is established in the diagonal location of the 
above-mentioned electrolyte membrane-electrode zygote in plane view, in another 
mode, said anode gas path and cathode gas passageway are prolonged, winding 
from each inlet port on said electrolyte membrane-electrode zygote, and can make 
each outlet open for free passage in it. Furthermore, according to the description 
of this invention, it has independently an anode gas humidification means to 
humidify anode gas, and a cathode gas humidification means to humidify cathode 
gas, respectively, and the above-mentioned anode gas humidification means 
operates so that the humidity of anode gas may become high relatively rather than 
the humidity of cathode gas. When said anode gas humidification means forms a 
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Myst-like moisture supply means in an anode gas path, you may make it humidify 
so that anode gas may be in a supersaturation condition. 

[0007] It consists of desirable modes so that the thickness of said solid-state 
polyelectrolyte film may be set to about 50 micrometers or less. The anode gas 
path for supplying anode side gas to this one solid-state polyelectrolyte film and 
solid-state macromolecule electrolysis film side according to description that this 
invention is still more nearly another, The cathode gas passageway for supplying 
cathode side gas to the another side side of said solid-state polyelectrolyte film, It 
has an anode gas humidification means to humidify anode gas, and a cathode gas 
humidification means to humidify cathode gas. The above-mentioned anode gas 
humidification means By forming a MystHike moisture supply means in an anode 
gas path, it humidifies so that anode gas may be in a supersaturation condition, and 
it operates so that the humidity of anode gas may become high relatively rather 
than the humidity of cathode gas. Moreover, you may make it maintain the water 
temperature of the anode side humidification section to temperature higher than 
the temperature inside a fuel cell. Moreover, you may make it secure the damp or 
wet condition by the side of a desired anode electrode by increasing the circulating 
load of anode gas 2 to 10 times of the amount of stoichiometries required for 
electrode reaction. 

[0008] In a desirable mode, the amount of supply of the moisture to anode gas is 

increased in a low loading field. 

[0009] 

[Embodiment of the Invention] In order to keep good hydrogen ion conduction of 
the macromolecule electrolysis film as described above, and to maintain the 
activity of electrochemical reaction highly, it is necessary to make humidity of 
distributed gas high. According to the 1st description of this invention, in order to 
secure desired moisture to an anode electrode side, it constitutes so that the 
generation water generated in the cathode electrode side may be moved to an 
anode electrode side using the permeability of the solid-state polyelectrolyte film. 
While being able to make moisture react to reactant gas smoothly by supplying by 
the anode electrode side by this, in a cathode electrode side, there is 
effectiveness of killing two birds with one stone that generation water can be 
eliminated effectively. According to the 2nd description of this invention, to an 
anode electrode side, it constitutes so that a lot of moisture may be supplied as 
compared with a cathode electrode side. Various modes can be considered in order 
to realize this. It is maintaining more highly than a cathode gas passageway the 
temperature of forming direct humidification means, such as a direct supersonic 
humidifier, in an anode gas path, increasing the absolute magnitude of the moisture 
in anode gas by increasing the circulating load of anode gas, and an anode gas 
path, and securing a high humidity condition etc. Thus, by controlling the moisture 
content by the side of an anode electrode and a cathode electrode, high labile can 
be maintained and the fuel cell engine performance can be raised. 
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EXAMPLE 

[Example] Hereafter, the example of this invention is explained. The block chart of 
the fuel cell system 10 which can apply this invention is shown in drawing 1 . In 
this example, hydrogen is used as anode gas and air is used as cathode gas. 
Hydrogen gas is stored in the hydrogen storage tank 1 1, is introduced into the 
post-humidification equipment 14 controlled by the predetermined pressure and 
the predetermined flow rate via the flow rate and the pressure controller 13 from 
this hydrogen storage tank 11, and is introduced into the polymer electrolyte fuel 
cell 1 concerning this invention after that. Moreover, air is compressed by the air 
compressor 15, is introduced into humidification equipment 17 via a flow rate and a 
pressure controller 1 6 like hydrogen gas, and is introduced into the interior of the 
humidified back fuel cell 1. And in the fuel cell 1 of stack structure, the pump 18 
for cooling water for supplying cooling water through the humidification section 17 
is formed. And a radiator 19 is formed in the outlet side of a fuel cell 1. 
[001 1] Furthermore, in order to enable it to control the supply temperature of the 
water to the humidification section, the Rhine heaters 22 and 23 are formed in 
Rhine 20 and 21, respectively. Furthermore, the fuel cell system 10 of this example 
is equipped with the water tank 24, this water tank 24 is built into each water 
Rhine 21 and 22, and the water tank 24 is common to the water supply system of 
the humidifier by the side of an anode and a cathode. Predetermined temperature 
was controlled by the heater 25 and the water temperature in a water tank 24 is 
come at it. The air from a fuel cell is exhausted, after a water condenser s 26 
removing moisture and carrying out a pressure drop to a predetermined pressure 
by the pressure control valve 27. On the other hand, after circulating through the 
inside of a fuel cell, the hydrogen gas discharged from this cell is introduced into 
the hydrogen circulating pump 28, is introduced into a flow rate and a pressure 
controller 13, and is again introduced into a fuel cell 1. Reference of drawing 2 
shows the explanatory view showing the structure and the working principle of a 
generation-of-electrical-energy component ******** eel of this example. [ of a 
fuel cell ] in drawing 2 , the generation of electrical energy component ( a eel ) 1 
used as the conflguration unit of the fuel cell of this example have basic structure 
equipped with the oxidation electrode 3 , i.e. , an anode electrode , with which the 
solid-state polyelectrolyte film 2 be supply to the hydrogen as a fuel in preparation 
for a center at the side of one of these , and the reduction pole 4 , i.e. , a cathode 
electrode , the air as a source of oxygen for a reduction reaction be supply to an 
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another side side at a pole . 

[0012] The anode electrode 3 is constituted by carrying out the laminating of the 
catalyst bed 33 to diffusion layer 32 pan, and joining to it to the inside, at the 
carbon cross 31 and its inside. And the fluting gas division plate 30 which has the 
current collection function of the power which gas separated and generated is 
formed in the outside of the anode electrode 3. And an anode electrode side 
zygote consists of an anode electrode 3 and a fluting gas division plate 30. For the 
fluting gas division plate 30, the hydrogen gas which is fuel gas about the interior is 
proton H+. It has the slot for forming the anode gas path 34 which circulates 
supplying an electrolyte membrane side. The field contact section with the 
diffusion layer 32 of the carbon cross 31 constitutes the current collection section 
which collects the electron generated from a hydrogen content child. The cathode 
electrode side also has same composition and it has the laminating junction 
structure of the carbon cross 41, a diffusion layer 42, and a catalyst bed 43. And 
the outside of the carbon cross 41 is equipped with the fluting gas division plate 
40, and it has the role which dissociates so that gas may not carry out the short 
pass of the slot which extends oxygen gas being crooked in a carbon cross front 
face again so that there may be no leakage appearance in the exterior. 
[0013] And the fluting gas division plate 40 is proton H+ from an electrolyte 
membrane side. It has the slot which has a depth of about 1mm which forms the 
cathode gas passageway 44 which circulates the oxygen which contacts and 
generates water. And a cathode lateral electrode zygote consists of a cathode 
electrode 4 and a fluting gas division plate 40. (The proton, i.e., H+, which has 
moved through an electrolyte membrane 2 from the anode side as the above- 
mentioned configuration shows to drawing 2 notionally It is combined by the 
cathode electrode side with the electron which is collected in the anode electrode 
3. does external work, and is supplied to the cathode electrode 4 via an external 
circuit.) That is, it is proton H+ by depriving a hydrogen content child of an 
electron in an anode electrode side. Proton H+ which was generated and was 
conducted through the electrolyte membrane 2 in the cathode electrode side The 
electron from the external circuit which has an external load, and the oxygen 
molecule supplied from a cathode gas passageway react, and a water molecule 
generates. Reference of drawing 3 shows the gas-passageway pattern in the eel 1 
concerning this invention with the gestalt of a top view. The polymer electrolyte 
fuel cell of this example is equipped with the anode gas path for supplying anode 
side gas to this one electrolyte membrane-electrode zygote side, and the cathode 
gas passageway for supplying cathode side gas to the another side side of said 
electrolyte membrane-electrode zygote while the electrolyte membrane-electrode 
zygote which consists of the solid-state polyelectrolyte film, an anode electrode 
arranged at this one solid-state polyelectrolyte film side, and a cathode electrode 
arranged at an another side side is constituted. And the anode gas path and the 
cathode gas passageway are prepared by the physical relationship which confronts 
each other on both sides of said solid-state polyelectrolyte film. And in the eel 1 of 
this example, anode gas and cathode gas have the structure of flowing the inside 
of each path in parallel on both sides of an electrolyte membrane-electrode 
zygote. While this electrolyte membrane-electrode zygote has constituted the 
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rectangle configuration mostly and the inlet ports 50 and 51 and outlets 52 and 53 
of hydrogen gas and air are established in the diagonal location of the above- 
mentioned electrolyte membrane-electrode zygote in plane view, on said 
electrolyte membrane-electrode zygote, from each inlet port 50 and 51, said anode 
gas paths 54 and 55 and cathode gas passageway drew the shape of a spiral, and 
are prolonged. And in this example, mostly, it was reversed, and this hydrogen gas 
and air ducts 54 and 55 drew the shape of a spiral in the center section of the 
electrolyte membrane-electrode zygote, and are prolonged toward each outlet 52 
and 53. 

[0014] Reference of drawing 4 shows another gas-passageway pattern, also in this 
example, like the above-mentioned example, the hydrogen gas passagewaies 54 
and 55 and an air duct have relation which confront each other on both sides of an 
electrolyte membrane-electrode zygote, and the gas which boil, respectively and 
can be set be the same [ the air duct ] at the point that the entrances 50, 51, 52, 
and 53 of gas be also establish in the diagonal location of the electrolyte 
membrane-electrode zygote on a rectangle while they flow in parallel. However, 
moving in a zigzag direction right and left in drawing, from the upper part, it went 
caudad and the gas-passageway pattern of this example is prolonged. As shown in 
drawing 3 and drawin g 4 , according to this invention, both the reactant gas paths 
54 and 55 are the physical relationship which counters on both sides of an 
electrolyte membrane-electrode zygote, and both reactant gas flows in parallel on 
both sides of an electrolyte membrane-electrode zygote. Reference of drawing 5 
shows notionally how the moisture content by the side of an anode electrode and a 
cathode electrode is missing from an outlet, and changes from the inlet port of gas. 
In drawing 5 , the upper part of an electrolyte membrane-electrode zygote shows 
the moisture change by the side of an anode electrode, and a lower part shows the 
moisture change by the side of a cathode electrode. The moisture content which 
accompanies the moisture by the side of a cathode electrode to hydrogen gas 
decreases gradually toward an outlet side from an entrance side. This reason is 
proton H+ at an anode electrode side. It is for moving to a cathode electrode side 
through an electrolyte membrane-electrode zygote with a water molecule. For this 
reason, in an anode electrode side, hydrogen gas is set up so that it may become 
higher than the moisture of the air by the side of a cathode electrode in an 
entrance side about a moisture content. Proton H+ which has moved with the 
cathode electrode on the other hand in the inside of an electrolyte membrane- 
electrode zygote The reduction reaction which the electron supplied from an 
external circuit combines occurs, and water generates in connection with this. For 
this reason, in a cathode electrode, a moisture content increases gradually 
according to air circulating toward an outlet side from an inlet port. 
[0015] Therefore, moisture is consumed as reactant gas moves to an outlet side 
from an entrance side in an anode electrode side, and the material balance of the 
moisture of the whole fuel cell system after taking actuation of a eel into 
consideration is proton H+ from an anode side at a cathode electrode side. 
Moisture increases according to generating of the water by the migration and the 
reduction reaction of a water molecule accompanying migration. Therefore, at an 
anode electrode side, supply of water is needed and discharge of water becomes 
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important by the cathode electrode side. After taking into consideration the mass 
transfer of the moisture which minds an electrolyte membrane-electrode zygote by 
this invention in view of this, the moisture control system of the whole fuel cell is 
established. According to one description of this invention, in parallel as, while 
confronting the passage of the air which is the source of supply of hydrogen gas 
and oxygen gas as mentioned above on both sides of an electrolyte membrane- 
electrode zygote and constituting it, ring main consists of this inventions so that 
the mass transfer of the moisture by the side of an anode electrode and a cathode 
electrode may be promoted. Furthermore, by maintain the humidity of the anode 
gas introduce into a eel more highly than the humidity of cathode gas, in near the 
inlet port the concentration difference of moisture be give to the both sides of an 
electrolyte membrane-electrode zygote which have water permeability, and 
electrode reaction be advance so much, it constitute from this invention so that 
the spreading diffusion of the moisture from an anode gas path side to a cathode 
gas passageway side may be promote ( see the arrow head A of drawing 5 ). Since 
moisture is consumed by the anode electrode side as mentioned above and 
moisture increases in a cathode electrode side as a reaction advances toward the 
outlet side of a path, near an outlet side, it will reverse with an entrance side and 
moisture will carry out spreading diffusion of the concentration difference of 
moisture toward an anode electrode side through an electrolyte membrane- 
electrode zygote from a cathode electrode side (see the arrow head B of drawing 
5). 

[0016] Therefore, since the moisture transfer which minds an electrolyte 
membrane-electrode zygote as mentioned above will be produced so that the 
concentration difference in a two-electrodes side may be canceled if the material 
balance of the above-mentioned moisture is considered as the whole system, the 
change inclination of a moisture content can be minimized covering the overall 
length of the continuous gas passageway through which it passes from an inlet 
port to which [ of an anode electrode and a cathode electrode ] side at an outlet 
side. Consequently, at an anode electrode side, the lack of moisture by 
consumption of the moisture in an outlet side is canceled, and the problem of the 
flooding by the increment in moisture can be effectively solved by the cathode 
electrode side. In order to maintain more highly than a cathode electrode side the 
moisture content by the side of an anode electrode, by this example, the 
temperature of the humidifier by the side of an anode electrode is operated at 
about 90 degrees C higher about 1 0 degrees C than the operating temperature 
(about 80 degrees C) of a cel. Since the amount of saturated steam in the 
hydrogen gas in 90 degrees C becomes twice [ about ] the amount of saturated 
steam in the hydrogen gas in 80 degrees C, it is effective to humidify the 
temperature of supply hydrogen gas in the condition of having maintained highly in 
order to make the company moisture content into a eel increase. Moreover, in 
another example, a company moisture content is increased by making the 
circulating load of hydrogen into 2 thru/or about 10 times and the sushi of the 
amount of theory required for a reaction, and about 1.5 or more usual times. 
[0017] On the other hand, the humidity by the side of a cathode electrode is 
relatively stopped low rather than a cathode electrode side. For this purpose, the 
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temperature by the side of a cathode electrode is controlled by this example at 
same about 80 degrees C as eel temperature. Moreover, in order to increase a 
reactant gas Nakamizu daily dose, a Myst generator like a supersonic humidifier is 
installed in a humidifier, and compulsorily, a steam can be introduced into 
distributed gas and can also be supplied in the state of supersaturation. Cel 
potential can be raised in control of a pan and a moisture content, jt being 
desirable to increase a moisture content in a low loading condition, and controlling 
polarization by this. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block chart of the fuel cell control system which can apply this 
invention, 

[Drawing 2] The outline sectional view showing the principle of operation of the 
electrolyte membrane-electrode zygote of the polymer electrolyte fuel cell 
concerning one example of this invention, 

[Drawing 3] The top view showing the gas-passageway pattern in an electrolyte 
membrane-electrode zygote, 

[Drawing 4] The top view showing another gas-passageway pattern of an 
electrolyte membrane-electrode zygote, 

[Drawing 5] It is the conceptual diagram showing the change condition of the 
moisture content by the side of the anode electrode covering a gas-passageway 
overall length, and a cathode electrode. 
[Description of Notations] 

1 Polymer Electrolyte Fuel Cell 

2 Solid-state Polyelectrolyte Film 

3 Anode Electrode 

4 Cathode Electrode 

30 Fluting Gas Division Plate 

31 Carbon Cross 

32 Diffusion layer. 
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(2) ^B|sp9-2 a 3 16 2 



fiiL^rstl:•SJ:5l-^Kfifc*4^Ttey . st^ — k&i/a 

±1&Ty — K**Xi: ± V— K**xro«-iilSlcS^-r-5>aiA 
WET y — K^xaBi: * V— Krfxii»l±SrE««lt 

•r ■sry - K:^*xJ!ias^s<t , 

* V- K**x5)BSri):<3 V- K**Xin;1^S<!:. 

JiEry — K*rxAP;1¥fa(*Ty — K:b*x<D;1SA<:^ V 
- K^XGJSS J; y tffij^Mf-H < &4 J: 5 l-WtfT S 

K**Xjja;l^SA<7 y - K**xa»lc 5 X 

*&*^fft*!ftit-s t (c J; o-c7y — K*"xA<jai&lattSS 
1 55f « J: -5 1 = «i ar * * 5 ( = «f o t= :i i: ^ ^« t -r « H 

HOI(0|*$ A^ft) 5 o // meiT-?&-& ^ t'-SS 



s@<*S5»^««Bi©-:»a)fl[|i=7'y - K«i^fxsenft 

■r -SfctoWTy — K**XiiBi: , 
l!(rEH«:J5»f-««ltBl<Dte*®«lc* v— Kf!#X* 

«*fe-r-5fctf)®* V— K**xaiSS<!:. 

TV — K**x ^inar 4T>' — K:tf xina^Si: . 
* V- K#x* jna-r -5* V- K:tf xma^si: . 

±ET y - K**Xj!iaa^SI±; T^' -,h*:tf XiiKlc 5 X 
htt®*^>«t*&^fa^ sftlt-S c;i:(-J:oTTy - K:tfX 
A<ilHS?0«!Bt'E£-SJ:3l=lnaLT. Ty-K:tfX©a 
V— K:tf XOJaS J: y t.*i*fe<3lzS < J: 5 1= 

iiif^-r - i: i^mt-r^mwsii=f-mi&mmm. 

[O O 0 1 1 
[O O O 2] 

4xo!>si6#x *«ift-r «fc«>«>*xaB* s)«-r 4 1 1 

l:: . -b ;u ^ eefiW^ t, 3£ltf 4 *'X ^^JUSBtt i: L fc 

«**xs«t*&L-c. «Jl^*•x<7)K^bil7cSl^;l3A^A^4^t 

O:tfXtt#a<0fc«)»--feJK0a]i:^|S]tzMUf«**xaB$ 
flIjtTtey. ^®-tr;ua)i:^ffi]l=Ml/-S**XifiKf±«-tr 
;u(D«4iS ±a> ^xaiK^O) ^x«iigp &t/K««B± 
CD;tfXffiKA^P)«)**xSfthPSfllJlE-r'i). c<7):tfx<Dtt 
t&, »{liPI±-b-'KDaggp#iair|5l+t)ti.'S. ^LT, S 
lS**XI4««l-J:oTPill!6**vfctt!E-e. ««CD-€-*i-? 

-t 1 3Sa-r «> J: 3 o T L^ 4 o 
[0 0 0 3] i|tM¥5-94 8 3 1 ^^«l^(±. -^503 

«3b<lE3c-r'555lRll=3S*t4<fc 3 l=«l»iELfc«<BJ«jl!!3!i<BB 



(3) 



nm^Q-ZB 3 16 2 



[O O O 4] 

©M*SS ¥ t. m®StBA<^ i: * ;u©>t-gpi::lftlt e•^^fc 
JlOilSSI=<fco■C^T^C5 J:5l3/d:o-Cl^*. LA^L. S 

L-3O«Snm5t!l<0ttfig©lRl-t ^laS - i: $ a M i: LT U^ 
Co O O 5] 

<r>—y3<j>miz7 y — Kfio*'x^tt3te-r-5fc«>©T/' — k 

V— \^miS7.^mii&-r^fztba>ij v— K**XJ1S8<»: 

i: * V — K**X i: aE^TLT3i^S■r 
■SJ:3lc«fieLfc::i:^^#i^i:■r■S. c<7)is#. idiBm 

seT — K **x <t * V — K a> jSss t= 5Ft -r -5 tb a P 



fey, KT^ - K&t/* V— K**XiiKl±^4=T-Se 

[0 0 0 61 sij<7>ai«-c'i±. fitBmPHK-m 

l±SiIiaii»M]S-m«IS^t*:±l=fc L^T -^-^t-r*!.© A P 
y - K**X ^ JlDSr -ST y - K*'X JDS^Si: . V- 

?ta:(=<i»x. ±ETy - K^xMS^siir y - K#x 

<D;1SA<* V- K:tfX<D;gS<*: y t.fflMMI=S5< 'S-ixfc 
fiIfa7'/-K:tfXJtoS^ISA<T>' — K** 

T y - K:tf X A^iStafPttai i: * 4 J: 5 l=Jin;1-r 4*51- 

[0 0 0 7] *f*LL^si»-e(i, i(rie@t*:i^»^m«M 

K@t*:B5»^=^m«isa)-:&a)®ii=ry-Kaa**x* 
PH^<oflk:^ro<i!ii-* V- Kti**x^«tj&-r-5/ctf)a5A 

V- l^iSxmmt, T-y — K**XS JaS-r-67'>' — K** 
Xiin;1¥iai: , * V- K#X^liPa-rS* V- K#X»D 

s^fst. «fiB*. jiEry— K^xjtaa^sit. 7^ 

J: o r Ty — K**XA<3aia«l«® t J: 5 l-*aS L 
■C. r y — K*X(DSffiA<* V- K#X<DSS J: y tffl 

j:5i-LTt<fcL^. *fc. T-y-K^xto^Baasaffi 

[0 0 0 8] »*LLx|g»-ei±. ^sm^?f^g«l=:^sL^■c7■ 
y — K**X'v<z)7lt»<©«§&a*iS:*-r-5.fc 3 i=3&oTU^ 
4. 

[0009] 

S<*t»-r4fc«)lz(t, «t*g**X©;lS*S5<-r-i)!£>S 

Try— KBffiffllll=l&«l*1*-5J:5f=«fiELXt^-5. :i 
J: o T r y — KSffiffla -q.ttsis **X L 



(4) 
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— K«afl!H=?* LT. * V— K«a«l=lt Lr*«©* 
Xffl«aS««ll**-l±4 C 1= J: o-CT-y - K#X4'<© 

[O O 1 o] 

<Co-Cl^-5. *t=. fflfti*. SIC* 

[0 0 1 1] iQSSs--ro7K©tt*Sjaa^«ijffln? 

*-5J;-5l--r-Sfctol=v-<>2 0, ZMz'y-Ot:—^ 
2 2, 2 3i:A<^*i^;h.!ft(te)4x-S. 

nnmi^y^'rJ^i or*, *^i>^;2 4$«*rj3y, c 

(D^^iV-J? 2 4t±^-H^+ia)*^'l'>2 1 , 2 2(Z*§J^ 
a**i.Tfcy. zK^'>^2 4li7>' — Kfflli:*V— Kffl! 
©JbnSSSO^^tSttSlCltai^tP-oTL^*. *5> 2 4 

3es - EA««ffisa 1 3 izmxiHx. mismnwfti ^ 



4ii5ca-r ja:t>^* V- K«a 4 *«x.«at*«ifi(='S: 

[O 0 1 2] T-y— Kma3l±, *'-Jl?>i70X3 1 . 

"tcD^fimiz&fiSLm 3 2 $ ^bic'^-ox^fliicttitii 3 3 

TV— K««3©n«!lr|±. ^fXO^Siai/fSSLfcW 

*©iii«ate**-r'53t#**x^>iK«3 035<i6ite.nT 

t^4. *Lr. 7'y-K«a3i:ai«*^X»IK«3 0t 

4$iSfiE■r■5fc«>©^l^«K,■cL^^.. 7Ki/^px3 
tt'sa^fcj&o-ctey, *-;t?i/^»c3X4 1. ffitt)i4 

2, «atJi4 3©«Jilg^«jti£*t-«.» ^LT*-/t? 
V'J7PX4 1 (3[>i1.ffll-l*«#:tfX»««4 0*«^Tfc 

y, fSLm±'y(ifi9^mizm*imtj:i^jz5iz^tz. 

L <C t^ J; 3 ^fftf 5 S t o o 
[0 0 13] ^-LT, «#*'X^^SIffi4 0(*. «<»SBI 

<oa5^?^«■r-5^l«^LTl,^€). ^-lt, *v-K«a 

4 4:«#**X»««4 O t-e* V- K««««^t*:**« 

flt*;h.-S, ±8B«J«lcJ;oTia2lc«[^ft«il-:5^-r<fc3l- 

>-ru*^*>H* t7 y — i^9.m3iztsi^xmn^*ixn 

j:oT:^ah>H+ A<»SfeL. *v— K««ffl-ei*, W. 

IBMM2$^VL-ce»*+ifc:;'o h>H+ i:nS8ft^$ 

**t-&K*»^i:A<SJ£L-C*»^A<±^-r-S. 03^ 
#ia-r-5t. **l8t:*NA^4-b;ui l=fclt«:tfxa»/< 

dF-SKi4«5fel*, @«:JS»^m«ltat. KS«:S»^ 
«»ltR©-:»©fll(=R1il*H-67/ - K«at«fe^© 

fldl-EM $ * V— K«a t A^ t. /j: ^ a^MK-BS 

^xaKi:, isistzm»nm-WiSLnf^»cDm.^o9iizij 

jlTL^5. ^-Lr, 7'>'— K^fXiiKt^iV— K*rxji 
l*inrtEglft:K^^«il«RSI£^A/-C»l$-r «msBi 



(5) 
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□ 52. 53 :!i<qzs^|c jsLxT±fBmfKMM-3«^^ 

»:<D*tfli4mi-|a(tt.*i-Si:i:t,(=. f!F8H7>' - K**X 
iiK5 4. 5 5 i:* V- KA'XjiSlifltiam^MK-S 
ffilS^{*±l=fel.^T-?-*t-f Ha>AP 5 o . 5 1 A> tSlS 

K5 4 . 5 5 li^^J-C-ltlSlSm^gS^-mfiiJg^tt:©* 
AeBlzteL^T. J5KLr!l!ll£tt*ffiL%r^*t€*i.©tBP 

5 2, 5 3l-l^!lA^-^TEI^TL^*. 

tool 4] ll4$#HB-f ^i:, > 

felt S**XI43filT l-SiE*t-S.l: -5 oTU^-S tt=t, 
l=. **X©aAP5 0. 5 1. 5 2. 5 3t,jEgfl^±©« 

Xt/:04|z5s-r*5(=*SieBI=J:*i-tf. HSl£J!f;^ii8S 
5 4. 5 51*. 'mmmm-^mm-^W^tSiA.X'iifSiir^ 

^•&«:$»tArT?3fe?Tf=3S*L«,J:5l=^foTL>S, 05$ 

fiA<^X© A P A" t) ai P l-AM+T if© J: 5 (::^<b-r -5 
A<ai^Wlc^*;KTL^S. la5lcfcL^•C. ®<gMK-® 

i±* V— Km^UfflOTK^^-ib^ a^-To * V— Kmistito 

7k«-l47k^ l:^ l^i*-r -S^^Sli A P in A'' & tb P fl« I- 

iPiA^o-c^>!?i=»'>-r4. Ty— KS«ffla 

fctory- KHSfiiiT-it. 7k^**x$7k5>»$APfliJi3 

S£^tt:P«J$«illL-C#fc::^P h>H+ t«1-SBl2l8SA^f>tt 
I& * n -5 S?- 1 A<S^-r StcSIE A<E C y , ;i 4x1= t 
tftoX^A^^fiE-r-So ll<Jifztb± V- KmffiT-tiAP 
A^C>itiP^|lJ(c|RlA^-^T3gaA<S5ii■^■S®f=J£l:r. 7k» 

[0 0 15] LfcA<o-C. -bVUrolftf^^^lSLtciTfa) 

«HH-e<*SI*:**x A^ A P fin A> C> a P fiiJtc^Bj-r -S I- L t= 
A<ot:. *»A<>HS**i. *v-KSflH»j-ei±. ry — 
KIM A^ CCD:?' a h>H+ 0>^ifll=ff57X^J'^(7)i^itiai; 
a7tSJ£t-J:-S7k©*^(-J:oT7k^J>A<lgilD-r«. Lfc 
A<oT. T'y'— K®ffifi9r-(i. *<7>«i&A<i&S t ft y . 

* V— Km«fi!l-ei*7lca)»aiA<ffFSi:ft-s. z.<n:it\~ 



1^* -t+rm/ilt-r -5 i: i: t f=fi5:tf 3feff LXaS-T <k 5 
LT. T'y'— Km«ifl!li:*V— Kmfil®l<!:0>*»©!feft 
iKl!lA<ffiJi**i-S<fc3l=«JSL-CL^*, 461-. *ie?fl 
T-(4. 1z;Uf-3iA4+t*Ty — K#xro;1g$*V— K 
^•xrojlSJ; y < *t^-r* - i: J: y *^2I14*^ 

affiStBA<-€-4x(i ifjtfr L "C U^ft ^,^ A P f^jfil- fcL>T 
I*. — K**XJlK^MA^ P> V— K^'XilSmH-^tOTK 
ii-fl)l£a^l!lA<^Sii44t-SJ;-5t-«tJSLTL^-S (13 5© 
3^EPA$#!ig) . jllS©ajPfl!II=lS)A^oTRf6A<ji?7-r 

gL. *y-KmfiHl!lT'i±7k»A<iiJn-r-s©T?. ttPm 
#ifi-e(47k»®SSSI*APfi!lii:aSteL, m«si8-« 

|BlA^o•C7K»A<l£t^l^lJl■r■^b:l^:i:ft€. (H5©5tH3B 

[GO 16] LfcA<oT. Lr±.|Ba> 

^mm^^iio\^±\L^a>t:. ry — \iWlSilSLiSiiv— 
Km®o> t^-r^KCfiii- te t^r t A p A^ e> HJ p fiii-'^ros 

I*. lUPfi!l-tel+-5*»©>SSi=J:<S*»^SA<«JB* 
^©Fois*«3aic«?>H-rs::tA^-e*«.. 7y- KSffi 

fl!l<35*»M* * V- KB«®J* y < tt»-r 4fc«> 

StEiSJt (!iitiao°c) j;y tiiiJji o°c^L^^Kl9 o°cr-ji 

te-r-5)» 9 0°CI-fc(t?)7k^*"X«(DfiafQ7K^afil*8 

o°ci=fc It s*si*f xtfroiaiQTkiRaa©*?! 2 t ft 5 

0)7?. •wi&7Rm**x(7);as$^<ft^Lfcttsn?»n;i-r 

ftaiia(D2 7iisi o<gggi:-rL. . 5<se 

S JU± i: f -5 ^ 1= ct o T 4 -a- -5 . 

[OO 1 7] * V- K«fil«J<DaSi±* V— Kfi 

^n?i*. * V— Kmsiiiiosg^Hz^i'SgiriiicsKia o 
°ci-$iHSi-r-5. *fcSJS**x*7K5^a$ii:*:4-a:«>fcto 
(zfetx-li. ffl«aa!JlP;lllO>J:5ft5X h«*S*JnS 
SIzlSgL. ^SiJM(c*.|Rfi$tt*&**Xtz^ALrjai& 

*5L^T. ^sft^stttll3^st^T*»fi^li:;^4■^i•*c^:A< 
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[0 0 1 8] 

[Bill :^ft^^mm-ri>^tifi-r:^i>mnnmiem'>' 

[B2] :4c9el»(7>1ll]l£«||l::;b^A^•&@ft:S^?M«e^« 

[S1] 



IS. 

[04] ««iiil-«aft$»©»Ja>#xgsa/<^-:^ 

2 Sft:S^7-««9CBI 

4 * V— KW« 

3 o 3t#**;^»lSt« 
3 1 *— ;1?>^rnx 
3 2 «:1tS(ii. 



.10 




/26 



28 

^1— 



27 



25 



[B4] 
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(@2] 




